Introduction
Numerous equations of state 2J have been proposed for describing the adiabatic expansion of detonation products. How- ever, when these equations a r e used in hydrodynamic calculations, they do not accurately predict the performance of an explosive. B. THERMODYNAMIC-HYDRODYNAMIC CRITERIA P a r a m e t e r s in the equations a r e chosen to satisfy the following conditions: 1) the measured Chapman-Jouguet (C-J) state, 2) the measured expansion behavior in the cylinder t e s t , 3 ) thermodynamic limitations at l a r g e expansions, and 4 ) hydrodynamic continuity.
The measured C -J conditions a r e directly entered into the equations. The 8 cylinder t e s t expansion behavior is entered by a repetitive t r i a l and e r r o r procedure using two-dimensional hydrodynamic calculations. This procedure is described in Section 11. sion.
Moreover, for most HEs, the entropy a s s ociated with the C -J adiabat is higher than for the two phase region; thus water w i l l not condense during the adiabatic expan- 
Calorimetric E o ' s and the JWL values
a r e given in Table I . values a r e based on H 2 0 (gas) since it i s doubtful whether water vapor can condense to the liquid s t a t e in the time it takes for the high explosive gases to expand initially.
,
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The calorimetric file of the expansion at l a r g e values of V is dominated by the value of w.
valueof I? E -( -should approach at l a r g e expansion, and since T' = o + 1 for V 1 0 , we a r b i t r a r i l y limit the choice of w to 0.20 < (u < 0.40, which is consistent with the heat capacities of the gaseous products for the explosives discussed in this report.
Since the CV P r o p e r hydrodynamic continuity is a s s u r e d if P is everywhere a monotonically decreasing function of the relative volume. This is the s a m e a s requiring r to be g r e a t e r than z e r o and continuous, a condition which cannot be predetermined * RUBY, C-J-adiabat composition at a relative volume of 10 is used to calculate the available chemical e n e r g y by limitations on the selection of Table I . Comparison of EO used in JWL calculations and detonation calorimetric r e s u l t s . phosphate.
coefficients, but must be checked for each specific equation.
turned out that R1 p 4 and R1 Z 1, and that the value of r has always been g r e a t e r than 1 for the explosives we have investigated. Near the C-J point the high p r e ss u r e behavior is dominated by the coefficient R1 as can be seen in Fig. 1 . Even for compressions near 2 ( V F 0.5), is still g r e a t e r than 2.
In practice, it has At very l a r g e compressions, the p r e ss u r e behavior would be dominated by w.
This is probably an incorrect description, but is well outside of the range of p r e ss u r e s normally encountered in experiments on explosives.
C. METHOD F O R DETERMINING C OEFFIC IEN TS
To use Eq. 1.3, six constants must be determined. The linear coefficients A, B, and C a r e determined from Eo, D, PcJ and po once a guess is made for the nonlinear coefficients R1, R2, and w. hydrodynamic calculation is then c a r r i e d out and the r e s u l t s a r e compared with experiment.
A A procedure based on calculated energy change (Eo -E ) along the adiabat w a s evolved which minimizes the number of guesses required t o obtain agreement with experiment. To a f i r s t approximation, the energy delivered to a metal shell at a given expansion is proportional to E -E evaluated from
(I. Table 11 .) F o r some of the explosives listed w e have given two o r t h r e e s e t s of coefficients. The best set is labeled AA.
The other s e t s a r e given for comparisons which will be r e f e r r e d to later in this report.
Where PcJ has not been measured, we have made an estimate assuming that 2.7 < rc, C 2.8. A simple multiple of 10 kbar, causing r to fall in this range, w a s chosen as the C-J p r e s s u r e . values a r e x t d by an a s t e r i s k (::).
These Table 111 gives a l i s t of coefficients for
Wilkins' equation applied to LX-04-1 and state to f i t t h e m into a format suitable f o r input into t h e H E M P Code.14 T h e s e coeff i c i e n t s are also l i s t e d in Table 111 along with the I?-law c o e f f i c i e n t s . 
A . EXPERIMENTAL CONFIGURATIONS FOR MEASUREMENT O F ADIABATIC EXPANSIONS
In order to describe the adiabatic expansion of the detonation products it is necessary to obtain experimental data for the initial point (assumed to be the Chapman-Jouguet point) and f o r points during the subsequent expansion. The C-J p r e s s u r e and detonation velocity experiments characterizing the initial point have been described elsewhere.
The cylinder and sphere t e s t s used to characterize the expansion behavior a r e described below.
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The standard cylinder t e s t geometry used for these experiments i s shown in Fig. 4 . tions used in e a r l i e r work.
radial motion of the cylinder wall is r ecorded by a s t r e a k camera using shadowgraph techniques.
20 cm from the booster explosive. The arrangement for the spherical charge experiments4 is also shown in were the same a s for the cylinder t e s t s .
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The sensitivity of the calculated wall motion to changes in adiabatic p r e s s u r e s was also investigated. Table VI presents r e s u l t s for LX-04-1 calculated using two different adiabats, AA and AC. Table VI1 and Fig. 8 show the p r e s s u r e differences for these two adiabats.
effect on radius-time history is also shown. The difference in r e s u l t s is approximately the experimental uncertainty in the The resultant V e, 3.
cylinder t e s t and indicates a sensitivity to p r e s s u r e changes of a t least 1% in the major volume region of interest.
At volumes 4 . 0 the accuracy depends on how well one knows the C -J p r e s s u r e . Since, however, an increase in C -J p r e ss u r e , with D and po held constant, m e r e l y moves the C -J point to a smaller volume the resultant displacement from the original adiabat is small. This is a consequence of the conservation relations, since the Rayleigh line, Hugoniot ~ and isentrope a r e tangent at the C -J point.
A s an example, calculations for nitromethane show that changing the C -J p r e ss u r e from 140 to 125 kbars and then matching cylinder experiments r e s u l t s in adiabats with l e s s than a 5 kbar change in p r e s s u r e s at any given volume ( s e e Table VI11 and Fig. 9 ). 2 . 4 2 9 6 E -0 2 1 . 9 9 9 8 3 -0 2 1 . 6 7 9 9 3 -0 2 1 . 4 3 5 6 3 -0 2 1 . 0 9 1 0 3 -0 2 8 . 6 0 5 7 3 -0 3 6 . 6 1 3 3 3 -0 3 5 . 2 0 8 6 3 -0 3 4 . 1 7 8 3 3 -0 3 3 . 4 0 5 5 3 -0 3 1 . 7 3 9 0 3 -0 3 1 . 0 9 1 8 3 -0 3 7 . 9 2 5 9 3 -0 4 6 . 2 6 6 9 3 -0 4 5 . 1 9 9 2 3 -04 3 . 8 6 4 7 3 -0 4 2 . 2 7 9 3 3 -0 4 6 . 8 6 6 2 3 -0 2 7 . 0 9 0 6 3 -0 2 6 . 4 8 1 2 3 -0 2 5 . 9 6 8 9 E -0 2 5 . 5 3 5 7 3 -0 2 5 . 1 6 7 2 3 -0 2 4 . 8 5 1 8 3 -0 2 4 . 5 8 0 0 3 -0 2 4 . 1 3 8 3 3 -0 2 3 . 7 9 6 9 3 -0 2 3 . 5 2 6 0 3 -0 2 3 , 3 0 5 6 3 -0 2 3 . 1 2 2 4 3 -0 2 2 . 9 6 7 1 3 -0 2 2.7 1 7 0 3 -0 2 2 . 5 2 3 2 3 -0 2 2 . 3 3 4 5 3 -0 2 2 . 1 8 7 7 3 -0 2 2.07 1 0 3 -0 2 1 . 9 7 6 6 3 -0 2 1 . 7 3 3 3 3 -0 2 1 . 5 9 6 3 3 -0 2 1 . 5 0 3 8 3 -0 2 1 . 4 3 3 5 3 -0 2 1 . 3 7 6 5 3 -0 2
1 . 2 8 7 1 3 -0 2 1 . 1 3 9 7 3 -0 2 2 . 5 3 8 6 2 . 5 0 2 3 2 . calculations and the experimental accuracy is to s e e how well one can calculate experiments with varying ratios of metal to explosive. a calculation using the PBX 9404 adiabat generated from standard cylinder test r e s u l t s with a n experiment using a copper cylinder 114 a s heavy a s the standard.
(To simplify fabrication of the copper shells 2 in. diam explosive charges were used.) Calculated thin wall a r r i v a l t i m e s a r e -1 to 27' 0 too slow. This discrepancy can be removed by assigning a yield strength of -10 k b a r s for copper instead of the normally-used 3 kbars. (The effect of copper yield strength on cylinder motion is illustrated in Fig. 10 .) We feel a value of -10 k b a r s for the yield strength of copper under high s t r a i n r a t e s is not unreasonable. Additional support for an explanation based on yield strength l i e s in the observation that r e s u l t s from m a s sscaled s t e e l and copper cylinder t e s t s
The data in Table IX compares show, a s one would expect, that s t e e l s possess higher yield strength than copper (Fig. 11) .
Since the effect is relatively s m a l l , we have not attempted to adjust further the adiabat coefficients using a higher yield strength of copper. Moreover, since most hydrodynamic calculations involve containment by m a t e r i a l s with moderate yield strengths, any inaccuracy would tend to cancel out. Effect of w a l l strength on calculated cylinder t e s t r e s u l t s . Fig. 10 . 
